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METHODS OF ADMINISTRATION OF
SUBSTANCE P FOR WOUND HEALING

TECHNICAL FIELD

The present invention relates to a use of Substance-P for the
manufacture of a medicament for mobilization or prolifera-
tion of Mesenchymal stem cells (MSCs) from a bone marrow,
or facilitating said mobilization or proliferation, and use of
Substance-P for the manufacture of a medicament for wound-
healing or facilitating wound-healing.

BACKGROUND OF THE INVENTION

Substance-P 1s neuropeptide consisted of 11 amino acids
the tachykinin family that 1s expressed 1n sensory neurons,
macrophages, eosinophils, endothelial cells, and corneal cells
such as epithelial cells and keratocytes as well as granulation
tissue. Several reports have suggested implication of Sub-
stance-P 1n neuro-immune communication on hematopoietic
modulation. The bone marrow stroma was innervated by Sub-
stance-P nerve fibers and Substance-P stimulates marrow
stromal cells through their surface receptor NK-1 to produce
the stem cell factor and interleukin-1, which may be favorable
for hematopoietic stimulation as feeders. However, the role of
Substance-P 1n the systemic MSC mobilization and MSC
repopulation 1n the bone marrow has not been reported yet.

A wound 1tself creates a unique and specific microenviron-
ment that 1s composed of growth factors, cytokines, neuro-
hormones, and extracellular matrix, all of which are secreted
from the neighboring cells, blood born cells, and sensory
neurons. Some factors in the wound microenvironment may
last sufliciently long to be diffused into the peripheral blood,
and 1n turn affect the stem cells in the bone marrow, to induce
mobilization of the bone marrow cells mto peripheral blood,
supply of the bone marrow cells mto the wound site, and
participation of the bone marrow cells 1n the wound healing.

Recent cell transplantation experiments with bone marrow

stem cells and cultured MSCs show that they are involved 1n
the tissue repair of lung, gastrointestinal tract, and infarcted
myocardium. However, 1n a normal physiological state with-
out any wound, MSCs are detected 1n tissues such as fat tissue
and pterygium except the bone marrow, but barely in the
peripheral blood. Therefore, 1t 1s believed that there may be a
certain system to mobilize MSCs from the bone marrow into
other peripheral tissue during tissue repair and pathological
Progression.

The cornea 1s consisted of transparent, avascular and
heavily mnervated tissue, whose integrity may be broken in
case of corneal damage and disease thereof. A corneal wound
stimulates lateral movement of the corneal epithelial cells
most likely provided by the limbal stem cells, infiltration of
the inflammatory cells, and neovascularization 1n the wound
stroma, all of which may be stimulated by the unique corneal
wound microenvironment. Previous reports suggest that cor-
neal denervation 1s a cause of substantial delay 1n the wound
healing process, and the lower level of Substance-P 1n dia-
betic patients than non-diabetic patients 1s also a cause of
delayed re-epithelialization and delayed healing. Since the
cornea surface 1s extensively innervated by trigeminal gan-
glion neurons, and endogenous Substance P 1s expressed 1n
the corneal epithelial cells and keratocytes, it 1s expected for
Substance P to involve in the wound microenvironment and
participate 1n cornea repait.

SUMMARY OF THE INVENTION

The present inventors discovered that Substance-P 1s a first
neuropeptide which 1s elevated 1n eye and peripheral blood in
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2

a mouse with corneal alkali burn. Also, they discovered that
even though Substance P was injected intravenously 1nto the

non-corneal wound mice, many CD29+ MSCs were mobi-
lized 1nto peripheral blood. Further, 1t was revealed in 3-D
collagen gel 1n vitro that Substance-P stimulates migration of
human MSC with induction of matrix degrading enzymes and
inhibition of their inhibitor. In addition, they discovered that
Substance P stimulates cell proliferation of MSCs, nuclear
translocation of 3-catemin, and expression of its target genes,
VEGF and fibronectin, and so Substance P may play a role in
the bone marrow repopulation of MSCs after their mobiliza-
tion. Furthermore, the present mnventors established that D1 1
labeled MSCs, which were transfused 1nto the ear vein of the
alkal1 burned rabbaits, are successiully mobilized at the wound
bed and facilitates cornea wound healing with improved cor-
neal transparency and visual recovery. Further, they showed
that intravenously-injected Substance-P can facilitate wound
healing of alkali bum rabbit eye.

Therefore, the first object of the present invention 1s to
provide a use of Sub stance-P for the manufacture of a medi-
cament for mobilization or proliferation of Mesenchymal
stem cells (MSCs) from the bone marrow, or facilitating said
mobilization or proliferation.

The second object of the present mnvention 1s to provide a
use of Substance-P for the manufacture of a medicament for
wound-healing or facilitating wound-healing.

The third purpose of the present invention 1s to provide an
agent for mobilization or proliferation of MSCs from the
bone marrow, or facilitating said mobilization or prolifera-
tion, containing Substance-P as an effective ingredient.

The fourth purpose of the present invention 1s to provide a
wound healing or facilitating wound healing agent, contain-
ing Substance-P as an effective mngredient.

The fifth purpose of the present invention 1s to provide a
wound healing or facilitating wound healing agent, contain-
ing MSCs as an effective ingredient, wherein the MSCs are
mobilized or proliferated from the bone marrow by treatment
ol Substance-P.

The sixth purpose of the present invention 1s to provide a
method for separating MSCs, comprising a step ol mobilizing
MSCs from the bone marrow by Substance-P treatment.

The seventh purpose of the present invention 1s to provide
a method of proliferating MSCs, comprising a step of prolii-
erating MSCs 1n the presence of Substance-P.

The eighth purpose of the present invention 1s to provide a
method of healing wound or facilitating wound-healing, com-
prising administering a therapeutically effective amount of
Substance-P.

The ninth purpose of the present invention 1s to provide a
method of healing wound or facilitating wound-healing, com-
prising adminmistering a therapeutically effective amount of
MSCs, wherein the MSCs are mobilized or proliferated from
the bone marrow by treatment of Substance-P.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows elevation of c-kit+ stem cells in the peripheral
blood and wound bed of a rabbit after corneal alkali burn
(c-kit positive cells at the wound bed are shown by arrows).

FIG. 2a shows results of RT-PCR analysis of the mouse
eyes alter corneal alkali burmn.

FIG. 2b shows results of ELISA analysis of the peripheral
blood of the mice collected at 0, 1, 3, 5,7, 10, 14 days after
corneal alkali burn.

FIG. 2¢ shows results of Hematoxylin &Eosin staining,
and 1mmunohistochemical staining with Substance-P anti-
bodies in the wound bed after the alkali bum 1n the mouse eye.
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FIG. 2d shows results of immunohistochemical staining
with c-kit, CD-29, and o.-SM actin antibodies in the wound
bed after the alkali burn 1n the mouse eye.

FIG. 3a shows results of immunocytochemical staining,
with CD-29 antibodies in the attached cells 1solated from the
mouse blood after intravenous injection of Substance-P.

FI1G. 3b1s a graph showing mean numbers of CD-29+ cells
in the blood before or after intravenous injection of Sub-
stance-P.

FI1G. 4a shows the results of transmigration and collagen
degradation of human MSCs on the 3-D collagen gel 1n
response to Substance-P treatment.

FIG. 4b shows results of gelatin zymography of culture
supernatants collected from human MSC culture on the 3-D
collagen gel after the treatment of Substance-P (0-100 nM).

FIG. 4¢ shows results of immunoprecipitation with anti-
bodies against MMP-1, MMP-2, MMP-9, TIMP-1 and
TIMP-2 1n the culture supernatant collected from human
MSCs after the treatment of Substance-P (0-100 nM).

FIG. Sa 1s a graph to show numbers of viable human MSCs
alter the Substance-P treatment (n=4, mean number=S.D).

FI1G. 56 shows result of immunofluorescence staining with
3-catenin antibody 1n human MSCs cultured 1n the presence
of Substance-P (0-100 nM).

FIG. 3¢ 1s a graph of ELISA analysis result of VEGF
collected from culture supernatants ol Substance-P treated
human MSCs.

FI1G. 5d shows results of Western blot analysis with mono-
clonal antibody against human fibronectin from the culture
supernatant of Substance-P treated human MSC:s.

FIG. 6a shows a photo of slit-lamp examination result of
the rabbit eye at 14, 30 days after corneal alkali bum with or
without transfusion of D1 1 labeled rabbit MSCs.

FIG. 6b shows a photo of existence of D1 1 labeled MSCs
in cornea observed by flat mount examination with tluores-
cent stereoscopic microscope.

FI1G. 7a shows a photo of the corneal wound recovery after
corneal alkali bum 1n rabbit with or without intravenous injec-
tion of Substance-P.

FI1G. 7b shows a photo of H&E staining result of the tissue
section after corneal alkali burn with or without intravenous
injection of Substance-P

FIG. 7¢ shows a photo of immunohistochemical staining,

with CD-29 antibody in the tissue section aiter corneal alkali
burn with or without intravenous injection of Substance-P.

DETAILED DESCRIPTION OF THE INVENTION

First, the present invention relates to a use of Substance-P
for the manufacture of a medicament for mobilization or
proliferation of Mesenchymal stem cells (MSCs) from the
bone marrow, or facilitating said mobilization or prolifera-
tion. In an embodiment, said medicament may comprise
MSCs. In another embodiment, said medicament may be a
cellular therapeutic agent.

Second, the present invention relates to a use of Sub-
stance-P for the manufacture of a medicament for wound-
healing or facilitating wound-healing, for example, cornea
and skin wound. In an embodiment, said medicament may
comprise MSCs. In another embodiment, said medicament
may be a cellular therapeutic agent.

Third, the present invention relates to an agent for mobali-
zation or proliferation of MSCs from the bone marrow, or
facilitating said mobilization or proliferation, containing
Substance-P as an effective ingredient.
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Forth, the present invention relates to a wound healing or
facilitating wound healing agent, containing Substance-P as
an eflective mgredient, for example, for cornea and skin
wound.

Fiith, the present invention relates to a wound healing or
facilitating wound healing agent, containing MSCs as an
clfective ingredient, wherein the MSCs are mobilized or pro-
liferated from the bone marrow by treatment of Substance-P.

Sixth, the present invention relates to a method for sepa-
rating MSCs, comprising a step of mobilizing MSCs from the
bone marrow by Substance-P treatment.

Seventh, the present invention relates to a method of pro-
liferating MSCs, comprising a step of proliferating MSCs 1n
the presence of Substance-P.

Eighth, the present invention relates to a method of healing,
wound or facilitating wound-healing, comprising administer-
ing a therapeutically effective amount of Substance-P.

Ninth, the present invention relates to a method of healing
wound or facilitating wound-healing, comprising administer-
ing a therapeutically eflective amount of MSCs, wherein the
MSCs are mobilized or proliferated from the bone marrow by
treatment of Substance-P.

Below, the present mnvention 1s described 1n detail.

The present mmventors used alkali burn cornea animal
model which has advantages 1n examining systemic partici-
pation of stem cells during the wound healing process over
other wound model since cornea has transparency and avas-
cularization.

After observing advent of c-kit+ cells 1n cornea and periph-
eral blood of rabbit with corneal alkali burn, the expression
profiles of the cytokines and other factors in the wound
microenvironment and the peripheral blood 1n the mice with
a corneal alkali burn were examined by using RT-PCR analy-
sis and ELLISA. As aresult, it was revealed that Substance-P 1s
the first neuropeptide whose expression 1s elevated 1n the
cornea wound as well as 1n the peripheral blood of the mice
with corneal alkali bum. At this time, Substance-P was first
increased in cornea and later in peripheral blood. It shows that
Substance-P 1s provided by the corneal resident cells such as
the sensory neurons, epithelial cells, keratocytes, and endot-
helial cells, not by infiltration of neutrophils or macrophages.
The increase of Substance-P concentration in blood may be
from systemic diffusion of Substance-P. Also, lack of Sub-
stance-P immunoreactivity in the neutrophils, earlier induc-
tion and termination of Substance P than duration of the
inflammatory phase (up to 5 days after wound), and the weak
Substance-P staining in the epithelial cells and fibroblastic
cells at the later stage of wound healing (7-10 days after
wound) supports an assumption that Substance-P 1s provided
by nociceptive stimulation of the sensory neurons. Subse-
quently, 1n order to determine the systemic eflfect of Sub-
stance P separately from the other factors that are found in the
wound microenvironment, Substance P was 1injected intrave-
nously 1nto the mice without wound, and the mobilization of
CD29+ MSCs into peripheral blood was examined. As a
result, 1t was observed that approximately 15 times more
CD29+ MSCs are mobilized into the peripheral blood in mice
into which Substance-P was injected intravenously, than 1n
the non-injected mice. Here, it 1s believed that MSCs 1n
non-wound mice were mobilized to peripheral blood because
there was no wound site for MSCs to mobilize 1n the absence
of wound bed.

Also, to determine the action mechanism of Substance P in
MSC mobilization from the endosteal surface of the bone
marrow, an in vitro cell migration assay was used, and the
elfect of Substance-P on the MSC migration, dynamics of
matrix degrading enzyme, cell proliferation and [3-catenin
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localization were examined. As a result, 1t was revealed that in
3-D collagen gel 1in vitro, Substance-P induces matrix degrad-
ing enzymes and inhibits their inhibitors, thereby stimulating
migration of human MSCs. This result further supports the
role of Substance-P in MSCs migration. Also, the inventors
discovered that Substance-P stimulates cell proliferation and
nuclear translocation of PB-catemin, thereby promoting the

bone marrow repopulation of MSCs after the mobilization of
MSCs.

Furthermore, the present inventors examined whether or
not mtravenously injected MSCs arrive at damaged tissue and
are 1nvolved 1n repair of the cornea, based on the corneal
transparency and vision recovery scores. As a result, they
confirmed that D1 1-labeled MSCs, which were transtused
into the ear vein of alkali burned rabbits, are successiully
supplied to the wound bed and improve corneal transparency
and visual recovery, thereby facilitating cornea wound heal-
ing.

Finally, the present inventors examined whether or not
intravenous 1njection of Substance-P can facilitate corneal
wound healing, based on macroscopic examination, H&E
staining, and immunohistochemical staining. As a result,
compared with the control group (Substance-P non-injected
group), healing of the corneal wound 1n Substance-P-injected
group was progressed rapidly.

In conclusion, 1t was discovered that Substance-P 1s first
clevated 1n the cornea wound and the peripheral blood, and
facilitates mobilization of MSCs to peripheral blood, and
promotes healing of the corneal wound and proliferation of
MSCs 1n the bone marrow.

Thus, 1t was concluded that Substance-P plays a role as
wound signaling 1mitiator to involve 1n mobilization and sup-
ply of MSCs from the bone marrow to the wound site. Also, 1t
was 1dentified that MSCs mobilize to wound site and are
involved 1n wound healing.

Considering the above results, MSCs can be used as wound
healing or facilitating wound healing medicament, or cellular
treatment medicament. Also, Substance-P can be used as
wound healing or facilitating wound healing agent, or cellular
treatment medicament, or mobilization, or proliferation
medicament, or facilitating mobilization or proliferation
medicament, of MSCs.

In the present invention, the effective dosage of Sub-
stance-P 15 0.1 ug/kg to 100 ng/kg, and the effective dosage of
MSCs is 3x10* cells/kg to 3* 107 cells/kg, particularly, 1x10°
cells/kg to 1x107 cells/kg. However, these dosages can be
modified depending on weight, age, sex or extent of wound of
patients.

A formulation according to the present mvention can be
administered into human bodies parentally or locally, for
example, by intravenous injection, subcutaneous injection,
endodermis injection, and muscular i1njection. Preferably,
they are administered by intravenous injection. For this pur-
pose, the effective ingredients are suspended or dissolved 1n a
pharmacologically acceptable carrier, preferably, water-
soluble carrier.

Below, the present invention 1s more specifically explained
by the following Examples, but 1t 1s not intended to limait the
scope of the present invention 1n any way.

EXAMPLES

Example 1

Identification of Elevation of ¢-Kit Positive Stem

Cells 1n Peripheral Blood and their Supply to the
would Bed after Corneal Alkali Burn

New Zealand white rabbits weighing 2-3 kg were pur-
chased from Samtako BioKorea. All these animal experi-
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ments were approved by Ethical Committee, Korea Institute
of Radiological and Medical Sciences, and Chung-Ang Uni-
versity, and conducted 1n accordance with the ARVO State-
ment for the Use of Animal in Ophthalmic and Vision
Research. For the alkali burn, the rabbit eyes were placed 1n
contact with a 6 mm piece of circular Whatman filter paper
soaked 1n 1N NaOH for 30 seconds. At 1, 3,5, 7, 10 and 14
day after the alkal1 burn, rabbit eyes and whole blood were
1solated. The smears of blood and cornea section were stained
with Anti-C kit antibody, and this result was shown 1n FI1G. 1.

Intact cornea 1s avascular tissue, and so extensive damage
thereto might require vascular supply of inflammatory cells
and other stem cells for the corneal repair. As shown in FIG.
1, when the alkali burn was done on the rabbit cornea, the
number of c-kit positive cells was increased 1n the peripheral
blood, compared with the normal control, which was also
detected 1n the corneal wound bed at 3th day after the alkali
burn. This result confirms that stem cells originating from the
bone marrow may actively participate 1n the repair of the
cornea.

Example 2

Identification of Role of Substance-P as Wound
Signaling Initiator Induced by Cornea Alkali Burn

Balb/c mice weighing 30-40 g were purchased from Jack-
son Lab (West Grove, Pa.). For the alkal1 burn, the mouse eyes

were placed in contact with a 3 mm piece of circular Whatman
filter paper soaked in 1N NaOH for 10 seconds. At 1, 3, 5,7,

10, and 14 day after the alkali burn, the mouse eyes and whole
blood were 1solated.

Tissue damage itself may constitute a unique wound

microenvironment to induce a systemic response such as
inflammation and stem cell mobilization from the bone mar-
row to repair the damaged tissue. RI-PCR was used to ana-
lyze candidate factors retaining these functions in the wound
microenvironment of alkali burned cornea. Specifically,

RNA was 1solated from the alkali burned eye by Trizol
(Invitrogen). Total 1 ug of RNA was reverse transcribed (RT)
by using reverse transcription-polymerase kit (Takara), fol-
lowed by PCR by using mouse gene-specific primers as fol-
lows:

VEGF {(expected gize: 407},

(gense)

S5'GTACCTCCACCATGCCAAGT3 !, (SEQ ID NO:

(antisenge)

HB'AATGCTTTCTCCGCTCTGAA 31, (SEQ ID HNO:
TNEF-alpha
(senge)

5'GAACTGGCAGAAGAGGCACT3 Y,

(expected size: 438},

(SEQ ID NO:

(antisense)

5'GETGEETGAGGAGCACGTAGTI Y, (SEQ ID NO:

IL-1 {(expected size: 432),

(genge)

5'GCTGCTTCCAAACCTTTGACS Y, (SEQ ID NO:

(antisense)

5'AGGCCACAGGTATTTTGTCG3 !, (SEQ ID NO:

Substance-P 309),

(senge)
H'TCGATGCCAACGATGATCTAR Y,

(expected size:

(SEQ ID NO:

(antisenge)

STAGTTCTGCATTGCGCTTCTT3 ! (SEQ ID NO:
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The result of PCT 1s shown by FIG. 2a. As shown 1n FIG.
2a, 1t was found that Substance-P, IL.-1, TNF-c.and VEGF are
induced 1n the eye aiter the cornea wound.

In order to further monitor the systemic profile of these
factors and assess their possible roles 1n stem cell mobiliza-
tion from the bone marrow, ELISA (R&D system) to the
peripheral blood was performed. The result 1s shown 1n FIG.
2b. As shown 1n FI1G. 25, compared with the non-wound state,
the level of Substance-P in the serum was elevated by
approximately 3.2. times at 1 day, 4.4 times at 3 day, and 1.3
times at S day. However, pre-inflammatory cytokines, TNF-a,
and IL-1 imnduction were detected at 5 day and 3 day after the
alkal1 burn, respectively, and VEGF was induced from 7 day
much later than them.

For the histological examination, Hematoxylin and Eosin
(H&E) staining was performed for corneal wound bed, and
immunohistochemical staining was performed with Sub-
stance-P antibody (Santa Cruz Biotechnology: Cat #sc-9738,
1:200). The mouse eyes were fixed with 4% ol paraformal-
dehyde for 48 h. The paratfin-embedded specimens were cut
longitudinally into 4-um sections, and transierred to poly-D
lysine-coated slides. Then, Hematoxylin and Eosin (H&E)
staining was performed for the histological examination. For
immunohistochemical staining of Substance-P, the endog-
enous peroxidase activity was blocked by incubation with
0.5% of H,O, for 10 min. The tissues were then permeabi-
lized with 0.3% of Triton x-100 for 5 min, and incubated with
the primary antibodies, the remaining procedures were fol-
lowed by the manufacturer’s specifications (ABC kit, Vec-
tor), and the cells were counterstained with fast red.

The result 1s shown 1n FIG. 2¢. As aresult of H&E staining,
the inflammatory neutrophils were sustained for up to 5 days,
the migrating epithelial cells were discernible at 5 day, fibro-
blastic infiltration was obvious at 7 day, and most macroph-
ages had disappeared at 14 day. The immuno-reactive Sub-
stance-P was most strongly detected 1n the wound bed after 1
day and became weaker till 3rd day. At 3th day, Substance-P
was barely detected in the fibroblastic cells and migrating,
epithelial cells, but was not detected 1n the iflammatory
cells, which suggests that the early inflammatory cells may

not secrete Substance-P. Therefore, the cornea wound 1tself

appears to create a Substance-P rich microenvironment pos-
sibly provided by cornea resident cells, which may in turn
induce the Substance-P elevation in the serum.

In order to determine whether the MSCs derived from bone
marrow are supplied to a wound site, immunohistochemical
staining was performed with the MSC markers, anti-CD-29

(Santa Cruz Biotechnology; Cat #sc-6622, 1:200), anti-c-kat
(Santa Cruz Biotechnology; Cat #sc-1493, 1:100), and anti-
a-SM actin antibodies (Progen, Cat #61001, 1:200). The
result 1s shown i FIG. 2d4. As known from FIG. 2d, the
CD-29, c-kit, and a-SM-actin expressing fibroblastic cells
were not detected at the early mflammatory phase until 5th
day. They were detected at the wound bed from 7th day to
10th day corresponding to the fibroplasias phase, and had
mostly disappeared after 14th day corresponding to the
remodeling phase. This result 1s correlated with the absence
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Example 3

Identification of Mobilization of MSCs from the
Marrow 1nto Peripheral Blood by Intravenous
Injection of Substance-P

Substance-P was examined to determine whether 1t 1s
responsible for stem cell mobilization 1nto the blood stream
or whether some other unidentified factors in the wound
microenvironment are involved in stem cell mobilization.

In order to distinguish efiects of the others factors in the
wound microenvironment, Substance-P (0.1 nmole/g of body
weight) (Calbiochem) was injected intravenously through tail
vein 1n Balb-¢c mice without causing alkali burns to the eye,
and then the whole blood was collected after 1 day. After
removing red blood cells by percoll gradient centrifugation,
the attached cells were cultured for 48 h 1n order to remove
lymphocytes, and then, 1n order to distinguish MSCs from the
lymphocytes, they were immune-stained with antibodies
against CD-29 (B1 integrin) which 1s not expressed in the
macrophages.

The result 1s shown 1n FIGS. 34 and 35. Within 1 day, the
intravenous 1njection of Substance-P strongly stimulated
mobilization of CD-29 positive MSCs 1nto the peripheral
blood approximately by 15 times more than 1n the non-in-
jected mice (FIG. 3b). This shows a new role of Substance-P
which may be manifested during early phase of the wound
healing process, to mobilize MSC from the bone marrow 1nto

the systemic blood, to supply MSCs to the cornea wound site,
and to facilitate the cornea repair.

Example 4

Identification of MMP Activity Elevation by
Substance-P

In order to determine the mechanism of Substance-P 1n the
mobilization of MSCs, which are strongly attached onto the
endosteal surface of bone marrow, Substance-P was first
examined to determine whether it stimulates migration of
human MSCs cultured on top of the 3-D collagen gel. The
type I collagen gel matrix was made within a 12 mm mallicell
membrane (milipore: 12-um pore size) according to the
manufacturer’s specifications (Nitta gelatin, Japan) and
coated overmight with type IV collagen (Nitta). The MSCs
were plated on top of the collagen gel, and the outer chamber
was lilled with Substance-P-containing MSCGM (Cambrex
Bio Science). Clearance of the collagen gel was monitored by
using the phase contrast microscopy (Olympus). At 72 h, the
millicell mnsert and outer dishes were fixed and stained with
hematoxylin, and then the culture supernatants were stored
for gelatin zymography. This result 1s shown 1n FIG. 4a. As
shown 1n FIG. 4a, Substance-P applied into the bottom dishes
stimulated degradation of the collagen gel and MSC migra-
tion 1n a dose dependent manner.

The culture supernatants were examined for gelatin
zymography. The eletrophoresis was performed for the cul-
ture supernatant 1n which sample buifer without mercaptoet-
hanol was added thereto, mn 8% SDS-PAGE. The gel was
renatured with 2.5% of Triton x-100 1n order to remove the
SDS, and then was incubated with a developing butfer (50
mM Tris-HCI, pH 7.2 100 mM NaCl, 20 mM CaCl,) at 37° C.
overnight, and the gel was stained with Coomassie blue. This
result 1s shown 1n FIG. 4b. As shown 1 FIG. 4b, gelatin
zymography of the culture medium revealed strong induction
of MMP-9 and MMP-2 activities during MSC migration.
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The effect of Substance-P on the biosynthesis of MMPs
(matrix metalloproteinases) and their mnhibitors was exam-

ined by immunoprecipitation of the culture medium and the
cell lysates of MSCs which were labeled with ~>S-methion-
ine. The MSCs were treated with Substance-P and labeled
with 50 uCi/ml *>S-methionine (Amersham) for 16 h. The
cell lysate was prepared with a lysis buifer (1% of NP40, 10
mM Tris-HCI, pH 7.4, 150 mM NaCl, 1 mM EDTA, 2 mM
PMSF). For immunoprecipitation of the secreted MMP-1,
MMP-2, MMP-9, TIMP-1 and TIMP-2, the culture superna-
tants were incubated with their specific antibodies [anti-
MMP-1 (chemicon; Cat #MAB3307, 1:100), anti-MMP-2
(Chemicon; Cat #MAB13405, 1:200), anti-MMP-9 (Calbio-
chem; Cat #444236, 1:100), ant1-TIMP-1 (Calbiochem; Cat
#IM32L, 1:250) and anti-TIMP-2 (Calbiochem; Cat
#IM11L, 1:230)] for 2 h under constant rotation, and the
antibodies were collected by protein-G sepharose-4B (Bio-

rad). The pellet was washed three times with an immunopre-
cipitation butler (150 mM NaOH, 50 mM Tris-HCI1 pH 7 .4,

0.2% SDS and 0.5% Nadeoxycholate), once with a high salt
butter (10 mM Tris-HCI, pH 7.4, 0.5 M Na(l), and once with
a low salt butfer (10 mM Tris-HCI, pH 7.4). After SDS-
PAGE, the gel was soaked 1n 2 M sodium salicylate, dried,
and exposed to the X-ray film for 2 weeks. For immunopre-
cipitation of MMP-9, the cell lysate was incubated with
MMP-9 antibodies, and the remaining procedures were the
same as described above. This result 1s shown 1n FIG. 4c.

The biosynthesis of MMP-1, MMP-2, MMP-9, and MT1-
MMP was stimulated in a dose dependent manner. In contrast,
the biosynthesis of their inhibitors, TIMP-1 and TIMP-2, was
inhibited by Substance-P.

As aresult, Substance-P stimulated MSC migration 1n 3-D
collagen gel, induction of MMPs, and inhibition of their
inhibitors, TIMPs.

Example 5

Identification for Facilitation of MSC Repopulation
by Substance-P

If Substance-P only has capacity of MSC mobilization
from the bone marrow, the bone marrow stroma may become
empty 1n the MSC pool after the mobilization. The ef
Substance-P was again examined about 1ts cell proliferation
and self-renewal capacity.

At 3 day after the treatment of Substance-P, the triphan blue
excluded viable cells were counted. The result 1s shown 1n
FIG. 5a.

Substance-P increased the number of viable cells, 1.7 times
at 1 nM, 2.1 times at 10 nM, and 2.2 times at 100 nM,
compared with the control group.

In order to determine whether Substance-P affects the seli-
renewal capacity of human MSCs, p-catenin, which 1s the
downstream eifecter of the wnt signaling pathway, was exam-
ined. MSCs (Cambrex Bio Science) were plated 1in the density
of 1x10%*well, and incubated with MSCGM (Cambrex Bio
Science). After adhesion of the cells, they were treated with

Substance-P 1n each concentration, and incubated for 16 h
and 48 h. The MSCs were fixed with 4% ol paraformaldehyde

and permeabilized with 0.3% of Triton X-100. After blocking
nonspecific antigen with 20% normal goat serum which was
diluted 1n phosphate butler for 1 h, the coverslips were 1ncu-
bated with antibodies against [3-catenin (BD Biosciencs; Cat
#6010153, 1:100) for 90 min, and then with the FITC-conju-
gated secondary antibodies for 60 min(Vector). The cells
were counterstained with DAPI, and examined by using con-
tocal microscopy (Leica). This result 1s shown 1 FIG. 3b.
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At 16 h after the Substance-P treatment, p-catenin was
mainly observed 1n the cytoplasm of human MSCs, but only
a small number of MSCs at 100 nM showed nuclear localiza-
tion ol [3-catenin. However, at 48 h after Substance-P treat-
ment, the nuclear translocation of 3-catenin was more promi-
nent, and particularly at 100 nM of Substance-P treatment, all
the MSCs showed nuclear translocation of 3-catenin.

ELISA and Western blot analysis of fibronectin and VEGF,
which are down stream genes of Tcl/3-catenin, were carried

out. These results are shown 1n FIGS. 5¢ and 5d.

As shown 1n FIGS. 5¢ and 5d, Substance-P induced VEGF

and fibronectin. This proves that Substance-P plays a role 1n
repopulation of the remaining MSCs by the stimulation of

cell proliferation or self-renewal via well-known canonical
wnt signaling pathway.

In conclusion, Substance-P stimulated cell proliferation,
translocation of p-catenin, and induction of 3-catenin down-

stream gene, VEGF and fibronectin, all of which suggest that
Substance-P plays a role 1n repopulation of the bone marrow.

Example 6

Identification for Supply of 1.V.-Injected MSCs to
the Cornea Wound Bed and Improvement 1n the
Vision Recovery

As shown 1n FIG. 3, intravenous injection of Substance-P
was sullicient to stimulate mobilization of mouse CD-29+
MSCs 1nto the peripheral blood. In order to examine whether
or not the mobilized MSCs can actually participate 1n cornea
wound healing, D1 1-labeled MSCs were transfused to the ear
vein of the non-1rradiated rabbit at 24 h after the cornea alkali
burn to minimize the MSC homing to the bone marrow and to
maximize the supply imnto wound site.

The MSCs were 1solated from the tibia of a 1 month old
allogenic rabbit by bone marrow 1rrigation and aspiration,
and cultured with MSCGM up to passage 3. The attached
cells were 1dentified as MSCs by the expression of c-kit,
STRO-1, and a.-smooth muscle (SM) actin, and were used for

the cell transtusion experiment. In order to trace the trans-

tused MSCs, the trypsimized cells were incubated with a D1 1
solution [Celltracker™ CM-D1 I(Cat# C-7000); Molecular

Probes] for 3 min at 37° C. and 15 min at 4° C. After labeling
and subsequent washing with PBS three times, the MSCs
(1x10° cells/ml) were resuspended in fresh serum free
medium and 1njected into the ear vein of 10 rabbaits at 1 day
alter the corneal alkali burn.

In 2 weeks and 4 weeks after the alkali burn wound, the
eyes ol the non-injected group and MSC-injected group
labeled with D1 I were examined by slit lamp. This result 1s
shown 1n FIG. 6a. The corneal visual recovery was better 1n
the MSC 1njected group than in the non-injected group.

The epithelial healing time was determined by closure of
the epithelial defect with photo-slit microscopic examination
and photo-documentation. The corneal opacity was graded
according to the following criternia: grade O—no opacity,
grade 1—the ir1s structure 1s visible with mild opacity, grade
2—the fine ir1s structure 1s not visible, grade 3—only the
presence of the 1ris 1s noted as brown color, and grade 4—to-
tally opaque. This result 1s shown 1n Table 1.
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TABLE 1
the epithelial
healing time corneal corneal
(day) opacity neovascularization
control group 10.25 + 2.36 343 +0.79 3.57+0.79
(n=10)
MSC IV (n=10) 5.50 £ 0.58%  1.50 = 0.65% 1.71 £ 0.75%

*1 < 0.05

As shown 1n Table 1, the MSCs-injected rabbits showed
2-fold shortening of the epithelial healing time, better corneal
transparency, and less corneal neovascularization than the
non-injected group.

FL AT mount was performed in order to confirm whether or
not the transtused D1 1 labeled-MSCs are localized to the
wound bed. In order to identify the D1 1 labeled-MSCs 1n the
cornea, FLAT mounts at 1 day and in 2 weeks and 3 months
were examined by fluorescence stereomicroscopy (Leica).
This result 1s shown 1n FIG. 65. As shown 1n FIG. 65, the D1
1-labeled MSCs were detected at the epithelium level as well
as at the stroma level. D1 1-labeled MSCs were detected at the
wound bed as early as 1 day after the intravenous transfusion,
and their presence was detected even after 3 months from the
transiusion though the intensity of D1 1 was lower.

Example 7

Identification for Facilitation of Cornea Wound
Healing by Intravenous Injection of Substance-P

As shown 1n FIG. 3, intravenous injection of Substance-P
was sullicient to faciliate the mobilization of mouse CD-29+
MSCs 1nto the peripheral blood, and as shown in FIG. 6,
intravenous injection of Substance-P improved corneal vision
recovery. Thus, 1t was examined whether or not Substance-P
only can stimulate corneal wound healing. To estimate the
elfect of Substance-P intravenous injection on acceleration of
the wound healing, Substance-P at dosage 6.5 ug/kg was
intravenously injected firstly immediately after the injury,
and then secondly on 2nd day after the wound. At day 7 after
the intravenous injection, cornea recovery was estimated by
naked eyes with taking digital picture. This result 1s shown 1n
FIG. 7a. As shown 1n FIG. 7a, the corneal regeneration was

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210>
<211>
<212>
<213>
220>
223>

SEQ ID NO 1
LENGTH: 20
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

primer
<400> SEQUENCE: 1

gtacctccac catgccaagt

<210>
<211>
<212>
<213>
220>
<223>

SEQ ID NO 2

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

primer
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much faster 1n the Substance-P-injected rabbit than the non-
injected control group. The intravenous injection of Sub-
stance-P strongly expedited the cornea healing as shown by
clearance of corneal opaqueness and disappearance ol hem-
orrhagic area, compared with the non-injected control rabbat.

To observe the wound healing degree 1n the histological
level, rabbit eyes were 1solated and fixed, and then, H&E
staining and immunostaining for CD29 were carried out. The
result of H&E staining 1s shown 1in FIG. 7b. As shown 1n FIG.
7b, the Substance-P-injected group showed full thickness
coverage ol epithelium, well organized vasculature, and
ordered array of dense collagen bundles, which are similar to
those of the non-injured collateral side except the still pres-
ence ol macrophages and polymorphonuclear giant cells
beneath the epithelium. In contrast, the non-1njected rabbit on
the same day showed only thin coverage of epithelium, active
infiltration of large fibroblast like cells, and loose unorga-
nized collagen fibrils in the stroma, which are similar to those
observed on 5 day in the Substance-P injected group.

The result of CD29 staining 1s shown 1n FIG. 7¢. As shown
in FIG. 7¢, the non-1njected group showed undifferentiated
mesenchymal stem cell (CD29-expressing cells) but, the Sub-
stance-P-injected group showed CD 29+ cells of small and
spindle shape inside of collagen fibers, which 1s similar to
normal cornea stroma. Thus, comparing the histological
observation between the Substance P-injected and the non
injected cornea during the entire period, 1t 1s confirmed that
SP IV mjection speeded up the healing rate faster than the
control group. These results mean that injection of Sub-
stance-P 1s effective to corneal wound healing.

According to the present invention, Substance-P 1s initially
elevated 1n the alkal1 burned cornea, and mobilized into the
bone marrow through blood, and then stimulates mesenchy-
mal stem cell 1n the bone marrow, and induces repopulation of
MSCs 1n the bone marrow.

Thus, Substance-P can be utilized as wound healing or
facilitating wound-healing agent, mobilization or prolifera-

tion or facilitating mobilization or proliferation agent, of

MSCs.

Also, MSCs are confirmed to directly involve 1n wound
healing. Thus, MSCs can be utilized as wound healing or
facilitating wound healing agent, or cellular therapeutic
agent.

Synthetic

20

Synthetic
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-continued

<400> SEQUENCE: 2

aatgctttct ccgctcectgaa

<210> SEQ ID NO 3

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 23

gaactggcag aagaggcact

<210> SEQ ID NO 4

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 4

gtgggtgagg adC acgtagt

<210> SEQ ID NO b5

<211l> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: b5

gctgcttcecca aacctttgac

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 6

aggccacagg tattttgtcyg

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 7

tcgatgccaa cgatgatcta

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic
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-contilnued
<400> SEQUENCE: 8
agttctgcat tgcgcttctt 20
What 1s claimed 1s: ¢) administering the MSCs to the mammal intravenously
1. A method of healing or facilitating healing of an epithe- such that the epithelial wound 1s healed.
lial wound 1n a mammal, comprising: 10 2. Themethod of claim 1 wherein the mammal 1s a human.
a) administering Substance-P intravenously to a mammal _ 3. The method of claim 1, wherein the PlethOd fuﬂh§r
having an epithelial wound, includes subsequentto step b), a step of culturing the MSCs 1n

b)1solating mesenchymal stem cells (MSCs) from the bone vitro prior to administration to the mammal.

marrow of the mammal of a), and £k & k%
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